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A new synthetic route to macrocyclic 1,3-diketones via 
n]metacyclophanes and (n+2)-methoxy[n]metacyclophanes is described 
and the synthetic utility of these cyclic diketones were demonstrated. 
Strain-free [n]metacyclophanes of various chain lengths are now 
readily available compounds obtainable in sizable quantities by the 
react ion sequence 1,3-bis(mercaptomethyl)benzene —> 
dithia[n+2]metacyclophane — dithia[n +2]metacyclophane bissulfone -> 
n]metacyclophanediene — [n]metacyclophane previously developed in 
our laboratory. Other ring-substituted [n]metacyclophanes are prepared 
in a similar manner. The basic tactic in our conversion of 
[n]metacyclophanes into macrocyclic 1,3-diketones exploits the 
vulnerability of the anchored benzene ring in the former systems to the 
Birch reduction. Indeed, treatment of [n]metacyclophanes with lithium 
in l iquid ammonia in the presence of an alcohol affords the 
corresponding 1,5-anchored 1,4-cyclohexadienes in good yields. 
Ozonolysis of the latter dihydro[n]metacyclophanes completes the 
unraveling of the original benzene ring into a l，3-diketone moiety, 
、 
resulting in the formation of (n+3)-cycloalkane-l，3-diones. However, 
the ozonolysis of dihydro[n]metacydophanes into the cyclic l，3-diones 
is not a trivial reaction and caution must be taken to avoid over-
ozonization. In a series of experiments aimed to optimize this 
transformation, the best result was found by using 1,5-bridged 2-
methoxylated 1,4-cyclohexadienes as substrates. Ozonization of these 
Birch reduction products of (n+2)-methoxy[n]metacyclophanes in THF-
MeOH (1:10) followed by reductive workup with triphenylphosphine 
afforded a series of macrocyclic 6-diketones in practical yields. The 
presence of a methoxyl group in the [n]metacyclophanes was found to be 
a crucial factor in making the overall transformation consistent in yield. 
viii 
The usefulness of the macrocyclic 6-diketones as building blocks 
in organic synthesis has been demonstrated in their conversion into 
n]metaheterophanes and in the transformation of cyclopentadecane-1,3-
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I. Introduction 
In this Thesis, we refer macrocyclic 6-diketones 1 to those 
carbocycles bearing two keto functionalities disposed in a l，3-fashion 
within a ring of twelve or more carbon atoms in size. With two easily 
maneuverable carbonyl groups incorporated in a pre-fabricated cyclic 
structure, such compounds appear to be very attractive building blocks 
in organic synthesis. This appeal is nowhere more apparent than in our 
design of a flexible route to a class of [n]metaheterophanes and in our 
approach to a group of relatively simple macrocyclic ketonic natural 
products as typified by muscone (2) 
M k/^ O O 
N—N II II O Me 
^ iCH,)/ (C， \(CH2)i/ 
3 2 
[n](3.5)pyrazolophane ^ [；;\ muscone 
I 、 》 X 
R ^ ^ V ^ N N 入 , 
M M 
^ (oy^)/ \ (CH^)/ 
4 5 ‘ 
[n](2,4)pyridinophane [n](4,6)pyrimidinophane 
The formation of [n ] (3 ,5 )py razo lophanes 3 f rom 
[n+3]cycloalkane-l,3-diones and hydrazines has long been known.i In 
principle, a series of [n](4,6)pyrimidinophanes 5 can be assembled in an 
1 r 
analogous manner by condensing these macrocyclic 6-diketones with 
urea，thiourea, ami dines, and guani dines. Recently, the synthesis of 5-
substituted [n](2,4)pyridinophanes 4，which were used as model 
compounds for probing the actions of the coenzyme NAD(P), has been 
reported by the aza-Wit t ig reaction of 6-substituted 
vinyliminophosphoranes 7 with cyclic a,6-unsaturated ketones2’3 6 
(Scheme 1). The latter conjugated cycloalkenones 6 are, needless to say, 
Scheme 1 
〇 
rt 人 — ？ ^ 
6 7 4 
readily derivable from the corresponding cycloalkane-1,3-diones. 
In the area of natural product synthesis, macrocyclic B-diketones 
1 are enticing building blocks from a strategic point of view. With the 
critical ring formation being pushed into the early stage of a synthetic 
scheme, the more easily achievable functional group interconversions 
can be orchestrated towards the closing finale. In this manner, the 
success of a synthesis of a relatively simple large-size carbocyclic 
natural product can be foretold before or at about the mid-point of a 
scheme with the arrival of the properly-sized macrocyclic 6-diketone. 
The effectiveness of such tactics is clearly demonstrated by the synthesis 
of muscone (2) from cyclopentadecane-1,3-dione (1，n=12) by Ito and 
Saegusa.4 This approach to muscone (2) has also been adopted recently 
in our laboratory^ with noticeable differences in the way by which 
2 
cyclopentadecane-l，3-dione (1，n=12) was accessed as well as in the way 
by which the latter was converted into the target molecule. These results 
suggested that other musk-related perfumery constituents such as 
exaltone (8) and exaltolide (9) may too be derivable from the 





It is clear therefore, macrocyclic B-diketones can serve as the 
common precursors for a large number of natural and unnatural 
products. We felt that it was worthwhile to establish a general and 
efficient procedure to synthesize these 1,3-oxo systems and this Thesis 
describes our effort towards such an objective. 
3 
T 
II. Literature survey 
A search of the literature revealed that up until the mid-1960's, 
most cyclic 1,3-diketones 1 were prepared by cyclization using classical 
condensation reactions of carbonyl compounds under strongly basic or 
acidic conditions which caused serious side reactions.6 Hiinig^ in 1966 
employed the two-carbon ring expansion of the enamines of 
cycloalkanones by reaction with ketene followed by ring opening by 
acid hydrolysis as a means of generating the cyclic 1,3-dione structures. 
In the late 1970's, the Ito-Saegusa p r o c e d u r e 4 ’ 8 came into the picture 
and quickly became a widely used method for the preparation of 
medium and large-sized cyclic 1,3-diketones 1. Several years later in 
1980 Suzuki, Watanabe and Noyori^ utilized the Pd(0)catalyzed ring 
opening of cyclic a,6-epoxy ketones to deliver cyclic 1,3-diones of 
various ring sizes. 
At the outset of the present investigation, the aforementioned 
three procedures were the principal routes leading to cyclic 1,3-
diketones 1. It is noteworthy that the Hiinig and the Suzuki methods 
share a common feature of the requirement of a pre-constructed cyclic 
mono-ketone derivative as the starting material. In order to provide a 
general background of reference, they are described briefly in the 
following sections. 
II.l. Ring expansion of cyclic enamines via a [2+2]cyclo-
addition 
Hiinig and coworkersi，7’io in their investigation of the extents of 
enolization of cyclic 1,3-diketones and related studies prepared these 
compounds by the two-carbon expansion of the [2+2]cycloaddition 
adducts of cyclic enamines with ketene. As illustrated in Scheme 2，a 
cyclobutanone adduct 11 of cyclic enamine 10 was subjected to a 
. 4 
retroaldol ring opening non-regioselectively to give diketones 12 and 1. 
Diketones 1，n = 11 or 14，which are relevant to the present 
Scheme 2 
n r 2 r 
Q
1) CH3COCI 厂 ^ v V 
2) NEt3 ^ I j • 
- -10 11 
[cV。. • rrF 
� ‘ N c h Z 
(Y+rt 
\ C H 2 U ( C H 2 ) / 
12 1 
investigation, were obtained in about 30% overall yields. This route to macrocyclic 1,3-diketones was ls  used by Kirrman and Wakselmaniiand e ently by Chan's group. 12 
‘ 5 
II.2. The Ito-Saegusa protocol 
The Ito-Saegusa method* for the preparation of large-sized cyclic 
diketones has been indisputably the most widely used among the rather 
limited number of procedures for this purpose. It begins with a 1,2-
bis(trimethylsilyloxy)cycloalkene 14 which is obtainable in fair to good 
yields for n = 10 to 20 from the Riihlmann intramolecular silyl acyloin 
c o n d e n s a t i o n 4 ， M 3 of diesters 13 (Scheme 3). Cyclopropanation of 14 
using the Simmons-Smith reagent followed by oxidative ring opening of 
Scheme 3 
9 9 TMSO OTMS TMSO OTMS 
R O ^ I L O R \ / 广 、 — / 、 
( ) 1 ) N a > f \ (CH2)n (CH2)n 
V J 2)TMsa ( J C J 
\ 陶 / \ ( C H , ) / > < 
R = Alkyl TMSO OTMS 
13 y / 14 15 
A Cu/Zn 
TMSO 、OTMS 0 0 
乂 ( C H , ) / . 、 ( C H ^ y 
16 1 
the resultant bicyclo[n.l.O]alkane 16 with ferric chloride lead to the 
one-carbon expanded cyclic l，3-diketone 1. Formation of the 
dimerization product 15 occurs in some cases in the course of the silyl 
acyloin condensation but this drawback does not diminish the synthetic 
usefulness of the Ito-Saegusa method in general, which is perhaps still 
r 
6 
the most reliable entry into medium and large-sized cyclic 1,3-diketones 
1 i f the requisite diester 13 is readily accessible. 
II.3. The Suzuki-Watanabe-Noyori palladium(0)-catalyzed 
ring opening of cyclic a,fi-epoxy ketones 
The Suzuki-Watanabe-Noyori method^ for the generation of 
cyclic l，3-diketones 1 requires the pre-construction of the cyclic a,6-
epoxy ketones 17 which are in turn prepared from the corresponding 
cyclic a,6-unsaturated ketones 6. Treatment of cyclic a,6-epoxy ketones 
17 with catalytic amounts of tetrakis(triphenylphosphine)palladium(0) 
and 1,2-bis(diphenylphosphino)ethane (dpe) in toluene at 80-140。C leads 
to the formation of cyclic 1,3-diketones 1 presumably via the 
intermediates 18 and 19 (Scheme 4). In this study by Japanese group, 
Scheme 4 
/ < 3 A 
( \ H2O2, O H : / \ Cat. Pd(PPh3)4-dpe、 
I ] . I ) PhMe, 80-140°C 
( C H 2 ) / \ ( C H 2 ) / 
6 17 
画 
0" 0 0 0 0 0 
\ (CH2)/ \ (CH2) / \ ( C H 2 ) / 
18 19 1 
emphasis was placed on the synthesis of small to medium-sized cyclic 
^ 7 
/广 • . V . 
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III. Synthetic plan 
In the course of Li's previous synthesis of muscone (2) in our 
laboratory,5 [ 12]metacyclophane (24, n=12) was unveiled as the masked 
synthetic equivalent of cyclopentadecane-1,3-dione (1，n=12) by a two-
step operation involving a Birch reduction of the cyclophane and 
ozonolysis of the resultant dihydrobenzene derivative. The success of 
Scheme 5 
AB r - ( C H 2 ) n . 2 - B r . f ^ j 
K O H , E t O H . C e H e H 2 O 2 , A c O H 
^ r ^ ^ — ^ 
SH SH S S 
“ 、 y 
TCHjTn-Z 
21 
r H \ H 、 * CBrzFz. 、 L 
X ^ ^ ^ t / S K O H 4 O 3 . 
‘ i o 卜BuOH H2. Pd-c 





this transformation hinged on the accessibility of [ 12]metacyclophane 
9 
(24，n=12) in sizable quantity and a solution was readily on hand by 
using our long-established reaction sequencedithiacyclophane 21 — 
dithiacyclophane bissulfone 22 -> cyclophanediene 23 cyclophane 
2 4 . Thus, as shown in Scheme 5, beginning from 1,3-
bis(mercaptomethyl)benzene (20)， ten-gram quantities of 
[12]metacyclophane (24, n=12) were easily obtainable in a routine 
manner by the aforementioned reaction sequence featuring a new 
version of a one-flask Ramberg-Backlund reactionis as a key synthetic 
step. Subjecting [12]metacyclophane (24，n=12) to the Birch reaction 
followed by a carefully-controlled ozonolysis procedure on the resultant 
dihydro[12]metacyclophane 25 (n=12) afforded cyclopentadecane-1,3-
dione (1，n=12) in a best 61% overall yield which was subsequently 
transformed into dj-mnscone (2) (Scheme 6).5 Though the ozonolysis 
Scheme 6 
I n n 1) O3. MeOH, 
Li. NH3 (I). THF, J l J L Sudan Red B, -78°C 
/ \ /-BuOH, -33。C 广 、 2 ) DMS 
C ) 一 （ ） ^ 
\ (CHa)/ \ (CH2)/ 
24, n=12 25, n=12 
S S O Me 
1.n=12 2 
muscone 
step gave erratic results at times owing to over-ozonization, the point 
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was served that [m] metacy clophanes (24) were indeed masked synthons 
of macrocyclic 6-diketones 1. 
At the outset of the present investigation, the only known example 
for the conversion of [n] metacy clophanes (24) into (n+3)cycloalkane-
1,3-diones 1 was that of [12]metacyclophane (24，n=12) reported by 
Dr. Li5 in his thesis work. It was therefore desirable to test the 
generality of the protocol utilizing the aforementioned Birch reduction-
ozonolysis sequence on a series of [n] metacy clophanes of various chain 
lengths. 
Recorded in the literature is the smooth transformation of the 
methoxylated naphthalene derivative 26 into the pentaketoester 28 via 
the Birch reduction intermediate 2716 (Scheme 7). Therefore, i f 
Scheme 7 
25 27 
0 o o o o n 
1) O3. CH2CI2. -78°c fi J n M j j I 
2) H2. Pd-c ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ / V ^ ^ ^ ^ ^ ^ ^ v ^ 。 M e 
2B 
difficulties would be encountered again in the ozone cleavage of the 
other homologous members of 25，an alternative series of reactions as 
outlined in Scheme 8 were to be examined with the hope that the 
additional methoxyl group present in the dihydrobenzene ring in 36 
would alleviate the problems associated with over-ozonization. 
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IV. Result and discussion 
With at our proposal a reliable routine synthetic methodology in 
providing several-gram quantities of [n]metacyclophanes (24) and 
(n+2)-methoxy[n]metacyclophanes 35’ we proceeded first to prepare 
[12]- and [14]metacyclophanes (24，n= 12 and 14) as well as a series of 
n+3 
\ (CH^)/ \ (0^2)/ 
24 35 
the methoxylated analogs including 12-methoxy[10]metacyclophane (35， 
n=10)， 13-methoxy [ l l ]metacyclophane ( 3 5， n = l l ) , 14-
m e t h o x y [ 1 2 ] m e t a c y c l o p h a n e ( 3 5 ’ n=12), 15-
m e t h o x y [ l 3 ] m e t a c y c l o p h a n e ( 3 5， n = 1 3 ) and 16-
methoxy[14]metacyclophane (35，n=14). The two unsubstituted 
[njmetacyclophanes 24 and 35 were subjected to the Birch reduction-
ozonolysis sequence as planned (Scheme 6). The expected 
cyclopentadecane-1,3-dione (1，n=12) and cycloheptadecane-1,3-dione 
(1，n=14) were indeed obtained but the yields of these products 
fluctuated greatly as previously observed^. Attention was therefore 
switched to the methoxylated [n]metacyclophanes 35 where it has now 
been found that consistently better yields of the desired macrocyclic 6-
diketones 1 can be secured. In the course of these experiments, it was 
observed that the Birch reduction of both the unsubstituted and the 
methoxylated [n]metacyclophanes occurred with great ease and was 
, 13 
essentially completed within 30 minutes but the outcomes of the 
ozonolysis of the resultant dihydro[n]metacyclophanes 25 and 36 
depended on a number of factors 17 such as ozonization time, solvent 
system, concentration and the reducing agent used in the workup 
procedure. The intricate interplays of these reaction variables are far 
from being resolved in the present investigation. Nevertheless, the 
results at hand indicate that macrocyclic 6-diketones 1 can be obtained 
in generally satisfactory yields when the methoxylated 
[n]metacyclophanes 35 are used as starting materials, with the Birch 
reduction run in the presence of a sufficient amount of THF to ensure 
complete solubility of the substrate in liquid ammonia, with the 
ozonization of the resultant dihydro[n] metacy clophanes 36 conducted in 
THF-MeOH (1:10 v/v) at 0.02 M initial concentration without the need 
of an indicator, and with triphenylphosphine as the reducing agent in the 
workup procedure. It is particularly noteworthy that with the 
methoxylated [n]metacyclophanes 35 as the starting materials, no special 
attention was needed to control the ozonization time of the Birch 
reduction products since over-ozonization was found not to pose as a 
problem. 
Having established a reproducible synthetic protocol for the 
desired cyclic 1，3-diketones 1，efforts were devoted to demonstrate 
their uses as building blocks in organic synthesis during the latter part 
of the present investigation. A series of [n] (3,5)pyrazolophanes 3 were 
assembled. In addition, the synthesis of exaltone (8) from 
cyclopentadecane-1,3-dione (1，n=12) was accomplished. These results 
are detailed below. 
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IV.l. General routes to [/i]metacyclophanes (24) and (n+2)-
methoxy[ii]metacyclophanes 35 
The synthetic usefulness of Scheme 5 was once again 
demonstrated by the uneventful synthesis of [12]metacyclophane (24， 
n=12) and [14]metacyclophane (24，n=14) in several-gram quantities 
f rom the inexpensive common starting material 1,3-
bis(mercaptomethyl)benzene (20). Cyclocoupling of dithiol 20 with 
1,10-dibromodecane and 1,12-dibromododecane under moderately high 
dilution in the presence of KOH gave the corresponding dithia[12]- and 
dithia[ 14]metacyclophane 21 in reasonable yields. The oxidation of 21 
into bissulfones 22 could be carried out in high yields with either m-
CPBA in chloroform or H2O2 in AcOH but for economic and 
operational reasons，the latter was used. Ring contraction of 
metacyclophane bissulfones 22 into cyclophanedienes 2314 were most 
conveniently effected by a Meyers' type one-step Ramberg-Backlund 
reactioni5 using the newly uncovered reagent CBriFi-KOH-on-AhOs-f-
BuOH. The cyclophanediene 23 formed are usually mixture of 
geometric isomers i f n is sufficiently large to accommodate one or both 
double bonds with (^^-configurations. The isomeric distributions of 
these products are of no consequence since they are summarily 
hydrogenated to the [M]metacyclophane (24). The synthesis of 
[12]metacyclophane (24，n=12) and [14]metacyclophane (24，n=14) was 
each accomplished in 40% and 32% overall yield, respectively, the 
individual yield of these steps are summarized in Table 1. The most 
significant aspect of the preparation of these compounds is that batches 
weighing five grams or more can be routinely prepared without 
difficulty. 
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Table 1. Yields in the reactions leading to the formation of 
[12]- and [14]metacyclophanes (24，n=12 and 14) 
as shown in Scheme 5 
% Isolated yield 
n i n 2 4 20 -> 21 21 22 22 24 overall 
12 55 85 85 40 
14 I 40 I 90 I 90 I 32 
The preparation of the methoxylated [njmetacyclophanes 35 was 
achieved with comparable ease as that of the unsubstituted 
[n ]metacy c lophane s ( 2 4 ) . As outlined in Scheme 8， 
bischloromethylation of anisole (29) proceeded smoothly to give 2,4-
bis(chloromethyl)anisole (30) in good yield. Conversion of the 
dichloride 30 into dithiol 31 followed by cyclocoupling with a series 
a，co-dibromides led to the corresponding methoxylated 
dithia[n]metacyclophanes 32 in fair to good yields. Oxidation of 32 into 
bissulfones 33 took place uneventfully and the latter were subjected to 
our new version5，i5 of a one-flask Ramberg-Backlund reaction to give 
isomeric mixtures of cyclophanedienes 34 which were hydrogenated 
wi thout pur i f i ca t ion to a f fo rd the requisi te (n+2)-
methoxy[n]metacyclophanes 35. The overall yields for the bissulfone 33 
-> cyclophanediene 34 cyclophane 35 sequence were generally 
satisfactory except for the case of 14-methoxy-2,2,11,11 -tetraoxo-2,11-
dithia[12]metacyclophane (33，n=10) where only 34% yield for the two 
steps was observed. In this case, the relatively short methylene chain 
length (11=10) has probably reached the lower limit in which the two 
newly created double bonds can be accommodated without undue strain. 
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The individual yields for the series of reactions from 31 to 35 carried 
out in our study are summarized in Table 2. 
Table 2. Yields in the reactions leading to the formation of 
(n+2)-methoxy[/i]metacyclophanes 35 as shown in 
Scheme 8 
% Isolated yield 
n 31 -> 32 32 -> 33 33 -> 35 
10 62 ^ 34 
1 1 58 ^ 80 
1 2 56 ^ 85 
1 3 52 87 85 
14 I 40 I 90 I 93 
IV.2. Birch reduction of 24 and 35 and ozonolysis 
of 25 and 36 
Having secured the series of [n]metacyclophanes 24，n=12 and 14， 
and of (n+2)-methoxy[n]metacyclophanes 35，n=ll-14, we moved on to 
examine the two-step sequence of Birch reduction and ozonolysis in 
detail. Initially, [12] metacy clophane (24，n=12) and [14]metacyclophane 
(24，n=14) were used as substrates for scrutinization of these reactions. 
Thus, both of these two unsubstituted metacyclophanes were 
individually subjected to the Birch reduction using different alkali 
metals, various co-solvents and several proton sources. After 
considerable experimentations, it was found that l ithium in refluxing 
ammonia was most effective in bringing about the reduction and that 
any low molecular alcohol served well as the proton source. However, 
the choice of a co-solvent was quite crucial. When diethyl ether was 
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used, the reaction proceeded extremely sluggishly or did not proceed at 
all whatever amount of it was added. Tetrahydrofuran, on the other 
hand, was found to be the best co-solvent and it was necessary for it to 
be present in sufficient amount to ensure completed dissolution of the 
substrate in the ammonia solution. Under these conditions, reduction of 
the two [n]metacyclophanes (24，n=12 and 14) was completed within 30 
minutes as indicated by the total disappearance of starting materials in 
their thin-layer chromatograms and by the NMR spectra of the 
reduction products 25 . Owing to the instabil ity of the 
dihydro[«]metacyclophanes 25 toward air oxidation, they were ozonized 
immediately without purification. 
Ozonolysis of the two dihydro[n]metacyclophanes 25, n=12 and 
14，was not trivial. Conventional ozonization conducted in either CH2CI2 
or CCI4 using acidified aqueous potassium iodide as indicator followed 
by reductive workup with dimethyl sulfide invariably led to complex 
mixtures from which the desired cyclopentadecane-1,3-dione (1，n=12) 
and cycloheptadecane-1,3-dione (1，n=14) could best be obtained in 
about 25% yields, together with comparable amounts of the 
rearomatized [12]- and [ 14]metacyclophanes. The results were improved 
somewhat by replacing iodide solution with Sudan Red BI8 as the 
ozonization indicator and CH2Cl2-MeOH as solvent. Upon ozonization 
under these conditions at -78°C followed by reductive workup with 
dimethyl sulfide, yields of cyclopentadecane-l，3-dione (1，n=12) could 
reach as high as 40% and those of cycloheptadecane-1,3-dione (1, n=14) 
60%. However, these yields could not be consistently maintained. At 
times when the reactions were conducted under the same set of 
conditions the yields could drop down to as low as 20%, and again 
ozonization was invariably accompanied by an appreciable extent of 
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rearomatization. The results of these transformations are summarized in 
Table 3. 
Table 3. Yields of 1 in the ozonolysis of dihydro[12]-
and dihydro[14]metacyclophanes 25, n=12 and 14 
n I I j f i 
( ) ) + ( ) 
\ (CH2)/ \ (CH2/ \ (CH2)/ 
25 1 24 
n % yield of 1 % re-formation of 24 
12 20-40 30-40 
14 20-60 20-40 
It should be pointed out that the rearomatization of 25 into 
[njmetacyclophanes 24 was not attributable to an incomplete Birch 
reduction of 24 into 25 in such a way that some of the unreacted 24 
were carried over onto the ozonolysis step. In every ozonolysis which 
was carried out, particularly precaution was taken to ensure the absence 
of unreacted 24 as confirmed by the lack of aromatic proton signals in 
the I H NMR spectra. Therefore, the re-emergence of the 
[M]metacyclophanes (24) could only be accountable by the 
rearomatization of the corresponding 25 presumably by molecular 
oxygen which was present in great abundance in the mini-ozone 
generator used by us. In addition to the re-emergence of 24 in the 
course of ozonolysis of 25, careful monitoring of the reaction mixture 
prior to the reductive workup revealed the presence of 1 in the early 
stage during ozone addition, the amount of which substantially receded 
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toward the end of ozone consumption. Thus, it appeared that among 
various possible modes of fragmentation of the bis-l,2,3-trioxolane 
adducts 37，one path led to the formation of 1 before the reductive 
workup procedure. Since 1 are known to be readily enolized to 
hydrogen-bonded structures 38,lo the presence of an olefinic double 
bond in the latter would be liable to further ozonization so as to cause a 
diminution of the overall yield of 1 in the subsequent reductive workup. 
Such behavior might have been the source of yield fluctuations in the 
ozonolysis step. In an attempt to solve the over-ozonization problem by 
more accurate control of the ozonization time, several other indicator 
Scheme 9 
X I [ o c c 。 ] 
r A ^ j ^ 。 一 
\ (CH2)n/ \ ( C H ^ ) / 
25 L 37 J 
0 p 0入丨0 
• c A ^ d � � j + ( j J 
\ (CH2)n/ ^ (CH,)/ . 
1 38 
O3 
• Further ozonization products 
dyes such as Sudan II，Sudan III，Sudan Black B, and Sudan Red 7B 
were also used. However, none of them was found to be satisfactory. 
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It should be emphasized at this point that the disappointing results 
observed in the conversion of [n]metacyclophanes (24) into macrocyclic 
6-diketone 1 were neither ascribable to an ineffective Birch reduction 
of 24 nor to the non-feasibility of the ozonolysis of the 
dihydro[n]metacyclophanes 25. The difficulties encountered by us 
chiefly raised from our inability to control the ozonization time and the 
presence of a large amount of molecular oxygen in the course of ozone 
addition which no doubt caused the observed rearomatization. These 
difficulties, to no small measure, were caused by an ineffectual ozone 
generator which does not allow us to prepare a pre-calculated amount of 
ozone with greater ease for the execution of controlled ozonization. 
A happier note was struck, however, by using the methoxylated 
[njmetacyclophanes 35 as precursors for macrocyclic B-diketones 1. 
Luckily, the +R and - I effects of the methoxyl group balance themselves 
off so that the Birch reduction was not impeded by its presence. Indeed, 
reduction occurred smoothly for each member of the 
(n+2)methoxy[n]metacyclophanes 35, n=l l -14, on hand to give the 
corresponding dihydro[n]metacyclophanes 36 in excellent to nearly 
quantitative yields and in essentially pure form as indicated by the NMR 
spectra of these mater ia ls . These methoxy la ted 
(iihydro[n]metacyclophanes, as expected, are very sensitive to acids and 
quite prone to air oxidation (though at considerably slower rates that the 
unsubstituted dihydro[n]metacyclophanes 25). Therefore, they were 
subjected to ozonolysis immediately after isolation without further 
purification. The ozonolysis of each of the series of methoxylated 
dihydro[n]metacyclophanes 36 was carried out in a similar manner as 
with the dihyciro[n]metacyclophanes 25，i.e., in CHzCh-MeOH (5:1 v/v) 
at -78°C, with Sudan Red B as indicator, followed by reductive workup 
with dimethyl sulfide. To our delight, each of these ozonolysis process 
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was found to give consistently better yields of the cyclic 1,3-diketones 1 
(Table 4) than those obtained from the ozonolysis of the unsubstituted 
dihydro[njmetacyclophanes 25，the most significant aspect being that 
very little fluctuation in yields were observed in the methoxylated 
series. More importantly, ozonization of the methoxylated series 
occurred much faster than rearomatization so that very little or none of 
the (n+2)-methoxy[n]metacyclophanes 35 were re-formed in these 
cases. An additional attractive feature in the ozonolysis of the 
methoxylated compounds 36 was that the ozonization time needed not to 
be controlled carefully because over-ozonization did not occur. For 
example, the duration of ozonization could be extended ten or more 
hours beyond the point at the color change of the Sudan Red B 
Table 4. Yields of 1 for the ozonolysis of methoxylated 
dihydro[n]metacyclophanes 36 in 0.02M using 
dimethyl sulfide in the reductive workup 
r r O M e 0 0 
1) O3, CHsClg-MeOH A ^ A 
f \ (5:1).-78°C ^ / \ 
I ) 2) DMS, -78°C to r.t. V J 
36 1 
n % yield of 1 
1 0 47-52 
1 1 43-50 
1 2 46-55 
1 3 45-50 
14 45-52 
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indicator did not affect to any appreciable extent the yields of the cyclic 
1,3-diones 1 isolated after the reductive workup. Therefore, with the 
concern of over-ozonization lifted out of the way, the ozonization can 
now be conducted with less demanding attention and only a periodic 
monitoring by thin-layer chromatography to confirm the absence of 
starting material is sufficient to signal the termination of ozone addition. 
The presence of an enol ether linkage in the methoxylated 
dihydro[n] metacy clophanes 36 has turned out to be greatly profitable 
for the ozonolysis process. Its electron richness facilitates the addition 
of ozone so that rearomatization by molecular oxygen becomes 
relatively unimportant. The bis-primary ozonide 39 would favor 
fragmentation in such a manner as to direct the carbonyl group at the 
ester linkage so that either 40 or 41 are resulted. The carbonyl oxide 
moieties in 40 and 41 would be rapidly trapped by methanol to lead to 
42 and 43，neither of which is enolizable (Scheme 10). Consequently, 
over-ozonization is avoided. 
The discovery that (n+2)-methoxy[n] metacy clophanes 35 were 
better precursors for macrocyclic 6-diketones 1 prompted us to conduct 
a series of experiments in hope to optimize the ozonolysis step. Thus, 
using 14-methoxy-15,18-dihydro[12]metacyclophane (36，n=12) and 
16-methoxy-17,20-dihydro[ 14] metacy clophane (36，n=14) as test-
stones, the ozonolysis procedure was scrutinized with respect to 
concentration, solvent system and reducing agent. With the knowledge 
that the ozonization time was no longer as important issue, no indicator 
dye was added. Instead, the progress of ozone addition was monitored 
by thin-layer chromatography and the addition of ozone was halted 
where all the starting material had disappeared. The results of these 
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Several points in Table 5 are noteworthy. First of all, ozonization 
in CHzCh-MeOH (5:1 v/v) followed by reductive workup with DMS 
generally gave reasonable yields of the cyclic 1,3-diones 1. Under these 
conditions, better results were obtained if the initial concentration of the 
substrate was kept at 0.02 M or below. Secondly, ozonization in CH2CI2-
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MeOH (1:5) and reductive workup with DMS gave unsatisfactory 
results. Thirdly, ozonization in the THF-MeOH (1:10 v/v) solvent 
system was best accompanied by reductive workup with 
triphenylphosphine (TPP). Somewhat puzzling, reducing agents such as 
DMS, and catalytic hydrogenation were found to be ineffective under 
these conditions. We do not have a satisfactory explanation for this 
behavior but nevertheless were delighted to have established a generally 
reliable ozonolysis procedure: ozonization in THF-MeOH (1:10 v/v) at 
-78°C with monitoring by thin-layer chromatography and reductive 
workup with triphenylphosphine. This protocol forms the backbone of 
the present study. The yields of the series of macrocyclic B-diketones 
prepared by this methodology in our study are summarized in Table 6. 
IV.3. Synthetic applications 
Having established a practical synthetic route to macrocyclic 6-
diketones via (n+2)-methoxy[n]metacyclophanes 35’ the latter portion 
of the present study was devoted to the demonstration of the utility of 
these diketones in organic synthesis. Owing to a constraint in time, we 
were able to touch upon only a few areas. Nevertheless, the macrocyclic 
6-diketones on hand have again been shown to be extremely effective 
precursors for the corresponding [n](3,5)pyrazolophanes 3. Finally, the 
selective removal of one keto function from cyclopentadecane-1,3-dione 
(1，11=12) to give the musk-odored compound exaltone ( 8 ) was 
accomplished. 
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Table 5. Yields of cycloaIkane-l,3-diones 1 from methoxy-
lated dihydro[/i]metacycIophane 36 under various 
conditions 
i T y O M e 0 0 
/ U k „ A A 
f \ 1) Oa, solvent. -78°C ^ / \ 
Y ] 2) Reducting agent V J 
\ (CH2)Z \ (CH2)n/ 
38 1 
n Solvent^ Substrate Reducing % yield of 
conc. (M) agent" 1 
12 A 0.01 DMS 46 
12 A 0.02 DMS 45 
12 A 0.10 DMS 37 
12 B 0.02 DMS 20 
12 C 0.02 DMS 0 
12 C 、 0.02 TPP 63 
12 C 0.02 thiourea 40 
14 A 0.01 DMS 45 
14 B 0.01 DMS 10 
14 C 0.02 DMS 0 
14 I C 0.02 TPP 60 
a A: CH2Cl2-MeOH (5:1); B: CHzClz-MeOH (1:5); 
C: THF-MeOH (1:10). 
b DMS: dimethyl sulfide; TPP: triphenylphosphine. 
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Table 6. Yields of cycIoalkane-l,3-diones 1 from methoxy-
lated dihydro[/i jmetacyclophanes 36 in 0.02 M by 
ozonization in THF-MeOH (1:10) and reductive 
workup with TPP 
i T V O M e 0 O 
X X 1) Q 3 . T H F - M e O H / K J K 
C) - s ^ C ) 
36 1 
n % yield of 1 
10 60 
1 1 59 
1 2 63 
1 3 62 
14 60 
IV.3.1. Synthesis of heterocyclophanes 
[ 1 2 ] ( 3 , 5 ) p y r a z o l o p h a n e ( 3， n = 1 2 , R=H) and 
[14](3,5)pyrazolophane (3，n=14, R=H) were synthesized with great 
ease by reacting cyclopentadecane-1,3-dione (1，n=12) and 
cycloheptadecane-1,3-dione (1，n=14), respectively with hydrazine in, 
refluxing ethanol. The preparations of these systems were noted 
p r e v i o u s l y by H u n i g ' s g r o u p . i S i m i l a r l y , N -
pheny l [12 ] (3 ,5 )py razo lophane (3，n=12, R=Ph) and N -
phenyl[ 14](3,5)pyrazolophane (3，n=14, R=Ph) were prepared from the 
corresponding cyclic l，3-diones and phenylhydrazine. These cyclizative 
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condensation took place cleanly to afford high yields of the 
pyrazolophanes under neutral or slightly acidic conditions. Of the four 
pyrazolophanes prepared by us, two are new compounds (3，n=12, 
R=Ph; n=14, R=Ph) prepared for the first time. 
IV.3.2. Synthesis of exaltone (8) 
In view of the easy access to cyclopentadecane-1,3-dione (1， 
n=12) by our methodology, we took the opportunity to extend Li 's 
、 
previously employed strategy^ for the synthesis of muscone (2) to the 
other musk-scented perfumery ingredient exaltone (8). Thus, 0-
methylation of cyclopentadecane-1,3-dione (1，n=12) was effected by 
reaction with methyl tosylate in HMPA using K2CO3 as base to afford 3-
methoxycyclopentadec-2-enone (44). Lithium aluminum hydride 
reduction of 44 followed by acid hydrolysis caused dehydration and 
enol ether unmasking in one operation to give 2-cyclopentadecenone (6) 
in good yield. Catalytic hydrogenation of the cyclic enone (6) 
completed the synthesis to furnish exaltone (8) in 80% overall yield 
(Scheme 11). Since exaltone 8 was previously converted to exaltolide 
’ 28 
(9) by the Baeyer-Villiger oxidation，a formal synthesis of the latter 
was therefore reached in the present investigation. 
Scheme 11 
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Large-sized (n+2)-methoxy[n]metacyclophanes 35 have been 
found to be effective synthetic equivalents of macrocyclic 6-diketones. 
These methoxylated [n]metacyclophanes are easily accessible in several-
gram quantities from the simple starting material anisole through a 
sequence of straightforward reactions involving bischloromethylation 
and conversion to 2,4-bis(mercaptomethyl)anisole, cyclocoupling with 
a,co-dibromides to dithia[Ai + 2]metacyclophanes, oxidation to 
dithiametacyclophane bissulfones, modified one-flask Ramberg-
Back lund reaction and hydrogenat ion. The (n+2)-
methoxy[n]metacyclophanes 35 obtained in this manner are subjected to 
the Birch reduction and ozonolysis under a set of specially selected 
conditions to give the macrocyclic 6-diketones 1 in practical yields. The 
usefulness of 1 as building blocks in organic synthesis has been 





Al l reagents and solvents used were reagent grade. When 
necessary, they were purified and dried prior to use by the standard 
method.20,21 Al l evaporation of organic solvents was carried out with a 
rotavapor in conjunction with a water aspirator. IR spectra were 
recorded on a Nicolet 205 FT-IR spectrometer. EI and Cl(isobutane)-
mass spectra were recorded on a VG 7070F mass spectrometer and in 
all cases, signals are reported as m/z. NMR spectra were recorded on a 
Bniker Crysopec W M 250 spectrometer (250 MHz for iR and 62.5 
MHz for 13C). A l l NMR measurements were carried out at room 
temperature in deuterated chloroform solution，unless otherwise 
indicated. Chemical shifts are reported as parts per million (ppm) in 5 
units on the scale downfield from tetramethylsilane (TMS) or relative to 
the resonance of chloroform solvent (7.26 ppm in the iR , 77.0 ppm for 
the central line of the triplet in the 13C mode, respectively). Coupling 
constants (7) are reported in Hertz (Hz). Splitting patterns are described 
••s" (singlet); "d" (doublet); "t" (triplet); "q" (quartet);丨.m" (multiplet). 
IH NMR data were reported in this order: chemical shifts; multiplicity; 
coupling constant(s); number of proton(s). Analytical thin-layer 
chromatography (TLC) was carried on commercial E-Merck 60 PF254 
silica gel plates (Art. 5554). E-Merck 230-400 mesh silica gel (Art. 
9385) was used for column chromatography. Elemental analyses were 
performed at the Shanghai Institute of Organic Chemistry, The Chinese 
Academy of Sciences or MEDAC Ltd., Department of Chemistry, 
Brunei University, Oxbridge, Middlesex UB8 3PM, United Kingdom. 
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General Procedure for the Preparation of Alumina-Supported 
Potassium Hydroxide 
To a solution of 85% commercial potassium hydroxide pellets 
(100 g) in methanol (400 mL) was added neutral alumina (E-Merck, 
grade I，Art. 1007, 200 g) of 70-230 mesh in particle size. The mixture 
was stirred for 1 h and rotary evaporated at 50°C until the content 
became a free-flowing powder and reached a constant weight, which 
usually took about 5 h. The adsorbed material usually retained about 50 
g of methanol and possibly also some water so that the total weight was 
about 350 g. The alumina-supported potassium hydroxide prepared in 
this manner could be stored in tightly capped bottle without losing its 
effectiveness for a periods up to six months. Unless otherwise stated, 
this was the catalyst used in most of the experiments described in this 
Thesis. 
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Cyclotr idecane- l ,3-dionei (1，n=10) 
To a solution of lithium (0.2 g, 30 mmol) in liquid ammonia (120 
mL) at -78°C was added a solution of 12-methoxy [ 10] metacy clophane 
(35，n=10) (1.0 g, 4.1 mmol) in THF (35 mL). The mixture was stirred 
at -33。C for 10 min and absolute ethanol (8 mL) was added dropwise 
until the blue solution was discharged. At this stage the reduction was 
usually still incomplete so that additional lithium was needed to drive 
the reduction to completion. On the other hand, i f a large portion of 
lithium was added at the beginning, the reaction medium would turn 
into a heterogeneous mixture and the reduction could not proceed 
further. Thus, monitoring with TLC, another portion of lithium (0.2 g) 
and absolute ethanol (8 mL) were sequentially added until total 
disappearance of starting material was indicated. After the completion 
of reaction, water (10 mL) was added cautiously and excess ammonia 
was allowed to evaporate in approximately 1 h. The reaction mixture 
was partitioned with ice-water (250 mL), and extracted with hexane (2 
X 100 mL). The combined extract was washed with brine (2 x 30 mL), 
dried over anhydrous magnesium sulfate, filtered and concentrated in 
vacuo to afford a colorless oil. This material was used in the next step 
without purification. 
A solution of the dihydrometacyclophane (36’ n=10) obtained 
above in THF (20 mL) was added in portions at 15-minute intervals to 
methanol (190 mL) (which was previously saturated with ozone-
oxygen) at -78°C over a period of 5 h，while a steady stream of ozone-
oxygen was maintained throughout the course of addition. The resulting 
solution was purged with nitrogen for 10 min to expel any residual 
ozone. Triphenylphosphine (2.0 g，11.4 mmol) was added and the 
mixture was stirred overnight. Solvent was removed by rotavaporation 
and the residue was pre-adsorbed on silica gel. Chromatography of the 
33 
pre-adsorbed material over silica gel by elution with hexane first and by 
ethyl acetate/ hexane (1:99) subsequently provided cyclotridecane-1,3-
dionei (1，n=10) (504 mg, 60%) as a colorless oil: TLC [ethyl acetate/ 
hexane (5:95) Rf 0.5; IR(film) 2932, 2860, 1609，1454, 1460，7937， 
730.4 cm-1; IH NMR 5 1.27-1.39 (m，12 H + 6 H), 1.64-1.74 (m, 4 H + 
2 H), 2.26-2.28 (m, 4 H), 2.60-2.63 (m, 2 H), 3.61 (s, 1 H), 5.70 (s, 1 
H), 15.11 (br s 1 H), [enol/ keto (2:1)]; 13c NMR 5 24.14，25.14, 26.03, 
26.54, 26.82, 28.06, 39.00, 51.58, 61.89，102.28, 195.36, 203.32; MS 
m/z 253 (M+，17). 
Cyclotetradecane- l ,3-dionei (1’ n = l l ) 
To a solution of lithium (0.2 g, 30 mmol) in liquid ammonia (120 
mL) at -78°C was added a solution of 13-methoxy[l 1]metacyclophane 
(35，n=ll) (1.0 g, 4.0 mmol) in THF (35 mL). The mixture was stirred 
at -33°C for 10 min and absolute ethanol (8 mL) was added dropwise 
until the blue solution was discharged. At this stage the reduction was 
usually still incomplete so that additional lithium was needed to drive 
the reduction to completion. On the other hand, i f a large portion of 
lithium was added at the beginning, the reaction medium would turn 
into a heterogeneous mixture and the reduction could not proceed 
further. Thus, monitoring with TLC, another portion of lithium (0.2 g) 
and absolute ethanol (8 mL) were sequentially added until total 
disappearance of starting material was indicated. After the completion 
of reaction, water (10 mL) was added cautiously and excess ammonia 
was allowed to evaporate in approximately 1 h. The reaction mixture 
was partitioned with ice-water (250 mL), and extracted with hexane (2 
X 100 mL). The combined extract was washed with brine (2 x 30 mL), 
dried over anhydrous magnesium sulfate, filtered and concentrated in 
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vacuo to afford a colorless oil. This material was used in the next step 
without purification. 
A solution of the dihydrometacyclophane (36，n=ll) obtained 
above in THF (20 mL) was added in portions at 15-minute intervals to 
methanol (190 mL) (which was previously saturated with ozone-
oxygen) at -78°C over a period of 5 h, while a steady stream of ozone-
oxygen was maintained throughout the course of addition. The resulting 
solution was purged with nitrogen for 10 min to expel any residual 
ozone. Triphenylphosphine (2.0 g, 11.4 mmol) was added and the 
mixture was stirred overnight. Solvent was removed by rotavaporation 
and the residue was pre-adsorbed on silica gel. Chromatography of the 
pre-adsorbed material over silica gel by elution with hexane first and by 
ethyl acetate/ hexane (1:99) subsequently provided cyclotetradecane-1,3-
dionei (1，n=ll) (528 mg, 59%) as a colorless oil: TLC [ethyl acetate/ 
hexane (5:95) Rf 0.5; IR(film) 2932.5, 2859, 1609，1454，1460，784.4, 
761 cm-1; IH NMR 5 1.27-1.51 (m，14 H + 2.5 H), 1.64-1.71 (m，4 H + 
0.7 H), 2.28-2.36 (m, 4 H)，2.51 (t，J = 7.0 Hz, 0.6 H), 3.57 (s, 0.4 H), 
5.67 (s, 1 H), 15.6 (br s，1 H)，[enol/ keto (5.7:1)]; 13c NMR 5 25.19, 
26.07, 26.80，38.04，99.00, 195.19; MS m/z 238 (M+，7.4). 
Cyclopentadecane-l,3-dione4.5 (1, n=12) 
To a solution of lithium (0.2 g, 30 mmol) in liquid ammonia (120 
mL) at -78。C was added a solution of 14-methoxy[ 12]metacyclophane 
(35，n=12) (1.0 g, 4.0 mmol) in THF (35 mL). The mixture was stirred 
at -33°C for 10 min and absolute ethanol (8 mL) was added dropwise 
until the blue solution was discharged. At this stage the reduction was 
usually still incomplete so that additional lithium was needed to drive 
the reduction to completion. On the other hand, i f a large portion of 
lithium was added at the beginning, the reaction medium would turn 
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into a heterogeneous mixture and the reduction could not proceed 
further. Thus，monitoring with TLC, another portion of lithium (0.2 g) 
and absolute ethanol (8 mL) were sequentially added until total 
disappearance of starting material was indicated. After the completion 
of reaction, water (10 mL) was added cautiously and excess ammonia 
was allowed to evaporate in approximately 1 h. The reaction mixture 
was partitioned with ice-water (250 mL), and extracted with hexane (2 
X 100 mL). The combined extract was washed with brine (2 x 30 mL), 
dried over anhydrous magnesium sulfate，filtered and concentrated in 
vacuo to afford a colorless oil. This material was used in the next step 
without purification. 
A solution of the dihydrometacyclophane (36，n=12) obtained 
above in THF (20 mL) was added in portions at 15-minute intervals to 
methanol (190 mL) (which was previously saturated with ozone-
oxygen) at -78°C over a period of 5 h, while a steady stream of ozone-
oxygen was maintained throughout the course of addition. The resulting 
solution was purged with nitrogen for 10 min to expel any residual 
ozone. Triphenylphosphine (2.0 g, 11.4 mmol) was added and the 
mixture was stirred overnight. Solvent was removed by rotavaporation 
and the residue was pre-adsorbed on silica gel. Chromatography of the 
pre-adsorbed material over silica gel by elution with hexane first and by 
ethyl acetate/ hexane (1:99) subsequently provided cyclopentadecane-
l，3-dione4，5 (1，n=12) (516 mg, 63%) as a colorless solid: mp 52-54。C 
(lit 4,5 mp 52-54。C); IR(fi lm) 3019, 2932, 2859, 1617’ 1609，1459, 
1442, 765.6, 668.8 cm-1; IH NMR 5 1.24-1.32 (m, 16 H + 2.3 H), 1.63-
1.66 (m, 4 H + 0.6 H), 2.27-2.33 (m, 4 H), 2.55 (t, J = 6.5 Hz, 0.6 H), 
3.60 (s, 0.3 H), 5.59 (s, 1 H), 15.67 (br s, 1 H), [enol/ keto (7.1:1)]; 13c 
NMR 5 25.74, 26.42, 26.79, 27.01, 27.45，37.98，100.35, 194.70; MS 
m/z 238 (M+，7.6). 
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Cyclohexadecane-l,3-dione (1，n=13) 
To a solution of lithium (0.2 g, 30 mmol) in liquid ammonia (120 
mL) at -78。C was added a solution of 15-methoxy[13]metacyclophane 
(35, n=13) (1.0 g, 3.0 mmol) in THF (35 mL). The mixture was stirred 
at -33°C for 10 min and absolute ethanol (8 mL) was added dropwise 
until the blue solution was discharged. At this stage the reduction was 
usually still incomplete so that additional lithium was needed to drive 
the reduction to completion. On the other hand, i f a large portion of 
lithium was added at the beginning, the reaction medium would turn 
into a heterogeneous mixture and the reduction could not proceed 
further. Thus, monitoring with TLC, another portion of lithium (0.2 g) 
and absolute ethanol (8 mL) were sequentially added until total 
disappearance of starting material was indicated. After the completion 
of reaction, water (10 mL) was added cautiously and excess ammonia < 
was allowed to evaporate in approximately 1 h. The reaction mixture 
was partitioned with ice-water (250 mL), and extracted with hexane (2 
X 100 mL). The combined extract was washed with brine (2 x 30 mL), 
dried over anhydrous magnesium sulfate, filtered and concentrated in 
vacuo to afford a colorless oil. This material was used in the next step 
without purification. 
A solution of the dihydrometacyclophane (36, n=13) obtained 
above in THF (20 mL) was added in portions at 15-minute intervals to 
methanol (190 mL) (which was previously saturated with ozone-
oxygen) at -78°C over a period of 5 h, while a steady stream of ozone-
oxygen was maintained throughout the course of addition. The resulting 
solution was purged with nitrogen for 10 min to expel any residual 
ozone. Triphenylphosphine (2.0 g, 11.4 mmol) was added and the 
mixture was stirred overnight. Solvent was removed by rotavaporation 
and the residue was pre-adsorbed on silica gel. Chromatography of the 
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pre-adsorbed material over silica gel by elution with hexane first and by 
ethyl acetate/ hexane (1:99) subsequently provided cyclohexadecane-1,3-
dione (1，n=13) (512 mg, 62%) as a colorless solid: mp 54-56°C; 
IR(film) 2931, 2858, 1609，1459.8, 785.5，761.2 cm-1; IH NMR 5 1.28-
1.40 (m，18 H + 2.2 H), 1.58-1.71 (m, 4 H + 0.5 H), 2.30-2.35 (m，4 
H), 2.48-2.54 (m, 0.7 H), 3.57 (s, 0.3 H)，5.58 (s, 1 H), 15.83 (br s, 1 
H), [enol/ keto (7.3:1)]; 13c NMR 5 26.03，27.04, 27.16, 27.49，27.60, 
27.75, 28.33，38.09, 43.20, 100.67，195.4; MS m/z 253 (M++1, 81). 
Satisfactory elemental analysis data could not be obtained. 
Cydoheptadecane-l，3-dioneii (1，n=14) 
To a solution of lithium (0.2 g, 30 mmol) in liquid ammonia (120 
mL) at -78°C was added a solution of 16-methoxy [ 14] metacy clophane 
(35，n=14) (1.0 g, 3.0 mmol) in THF (35 mL). The mixture was stirred 
at -33°C for 10 min and absolute ethanol (8 mL) was added dropwise 
until the blue solution was discharged. At this stage the reduction was 
usually still incomplete so that additional lithium was needed to drive 
the reduction to completion. On the other hand, i f a large portion of 
lithium was added at the beginning, the reaction medium would turn 
into a heterogeneous mixture and the reduction could not proceed 
further. Thus, monitoring with TLC, another portion of lithium (0.2 g) 
and absolute ethanol (8 mL) were sequentially added until total 
disappearance of starting material was indicated. After the completion 
of reaction, water (10 mL) was added cautiously and excess ammonia 
was allowed to evaporate in approximately 1 h. The reaction mixture 
was partitioned with ice-water (250 mL), and extracted with hexane (2 
X 100 mL). The combined extract was washed with brine (2 x 30 mL), 
dried over anhydrous magnesium sulfate, filtered and concentrated in 
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vacuo to afford a colorless oil. This material was used in the next step 
without purification. 
A solution of the dihydrometacyclophane (36，n=14) obtained 
above in THF (20 mL) was added in portions at 15-minute intervals to 
methanol (190 mL) (which was previously saturated with ozone-
oxygen) at -78°C over a period of 5 h, while a steady stream of ozone-
oxygen was maintained throughout the course of addition. The resulting 
solution was purged with nitrogen for 10 min to expel any residual 
ozone. Triphenylphosphine (2.0 g, 11.4 mmol) was added and the 
mixture was stirred overnight. Solvent was removed by rotavaporation 
and the residue was pre-adsorbed on silica gel. Chromatography of the 
pre-adsorbed material over silica gel by elution with hexane first and by 
ethyl acetate/ hexane (1:99) subsequently provided cycloheptadecane-
1,3-dioneii (1，n=14) (557 mg, 60%) as a colorless oil: IR(film) 2928, 
2856.9, 1608.4，1459.3, 762.9, 791.6 cm-1; m NMR 5 1.28-1.31 (m, 
20 H + 3.4 H), 1.61-1.75 (14 H + 0.7 H), 2.26-2.32 (m，4 H), 2.53 (t, J 
=6.5 Hz, 0.8 H), 3.58 (s，0.4 H), 5.53 (s，1 H), 15.69 (br s, 1 H); 13c 
NMR 5 22.75, 25.83, 26.36, 26.57; MS m/z 266 (M+，14). 
[12](3,5)Pyrazorophanei (3, n=12, R=H) 
To a solution of cyclopentadecane-1,3-ciione (1，n=12) (120 mg, 
0.5 mmol) in 95% ethanol (2 mL) was added 80% aqueous hydrazine (1 
mL). The reaction mixture was heated to reflux for 3 h, after which the 
solution was diluted with water (30 mL) and extracted with diethyl 
ether (2 x 20 mL). The combined extract was washed with water (2 x 
15 mL), brine (10 mL), dried over anhydrous magnesium sulfate, 
filtered, and evaporation in rotavapor to give a pale-yellow solid. 
Chromatography of this material over silica gel by elution with ethyl 
acetate/ hexane (1:4) gave pure [12](3,5)pyrazolophanei (3，n=12, R=H) 
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(106 mg, 90%) as a colorless solid: mp 93-95°C (lit.i mp 93-95°C); 
IR(film) 3183，3101，3019，2928, 2856, 1580，1461，1433, 1018，757, 
667 cm-1; IH NMR 5 1.13-1.30 (m，16 H), 1.40-1.69 (m，4 H), 2.68-
2.72 (m, 4 H), 5.94 (s, 1 H), 8.87 (br s, 1 H); 13C NMR 5 25.97, 26.22, 
26.89, 27.19, 27.86, 29.19, 104.00, 149.54; MS mJz 234 (M+, 93). 
A^-phenyl-[12](3,5)pyrazolophane (3，n=12, R=Ph) 
To a solution of cyclopentadecane-1,3-dione (1，n=12) (66 mg, 
0.27 mmol) in 95% ethanol (3 mL) was added phenylhydrazine (39 mg, 
0.36 mmol). The reaction mixture was heated under reflux for 3 h, 
after which the solution was diluted with water (30 mL) and extracted 
with diethyl ether (2 x 20 mL). The combined extract was washed with 
water (2 x 15 mL), brine (10 mL), dried over anhydrous magnesium 
sulfate, filtered, and evaporation in rotavapor to give a yellowish oil. 
Chromatography of this oil over silica gel by elution with ethyl acetate/ 
hexane (5:95) gave A^-phenyl-[12](3,5)pyrazolophane iV-phenyl-
[12](3,5)pyrazolophane (3，n=12, R=Ph) (77 mg, 90%) as a pale-yellow 
oil: TLC [ethyl acetate/ hexane (5:95) Rf 0.4; IR(fi lm) 3019, 2933, 
1609，1504, 1440，1384, 1018，758, 697，669 cm-1; IH NMR 5 1.15-
1.31 (m, 16 H), 1.42-1.45 (m，2 H), 1.63-1.66 (m, 2 H), 2.68-2.72 (m， 
4 H), 6.07 (s，1 H), 7.33-7.44 (m，5 H); 13c NMR 5 25.81，25.94, 
26.06, 26.26, 27.11, 27.30, 27.77，27.87, 28.09, 28.20, 29.20，58.59, 
106.55，126.1, 128.08，129.65, 140.82, 144.25, 154.04; MS m/z 310 
(M+, 100). Anal. Calcd for C21H30N2： C，81.24; H, 9.74; N，9.02. 
Found: C，80.80; H, 9.62; H, 8.52. 
[14](3,5)Pyrazolophanei (3, n=14, R=H) 
To a solution of cycloheptadecane-1,3-dione (1，n=14) (140 mg, 
0.5 mmol) in 95% ethanol (2 mL) was added 80% aqueous hydrazine (1 
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mL). The reaction mixture was heated to reflux for 3 h, after which the 
solution was diluted with water (30 mL) and extracted with diethyl 
ether (2 x 20 mL). The combined extract was washed with water (2 x 
15 mL), brine (10 mL), dried over anhydrous magnesium sulfate, 
filtered, and evaporation in rotavapor to give a pale-yellow solid. 
Chromatography of this material over silica gel by elution with ethyl 
acetate/ hexane (1:4) gave pure [ 14](3,5)pyrazolophanei (3, n=14, R=H) 
(124 mg, 90%) as a colorless solid: mp 133-135°C (Ut.i mp 133-135°C); 
IR(film) 3025, 3133，3100，3019，2930，1461，1440, 1035, 1018，765, 
669 cm-l; IH NMR 6 1.21-1.41 (m, 20 H)，1.57-1.68 (m，4 H), 2.66-
2.71 (m, 4 H), 5.90 (s, 1 H)，8.69 (br s, 1 H); I3c NMR 5 27.00，27.36, 
28.02, 28.17, 28.25, 29.27, 103.67，149.20; MS mJz 262 (M+, 100). 
A^-phenyl-[14](3,5)pyrazolophane (3，n=14, R=Ph) 
To a solution of cycloheptadecane-1,3-dione (1, n=14) (150 mg, 
0.56 mmol) in 95% ethanol (3 mL) was added phenylhydrazine (39 mg, 
0.36 mmol). The reaction mixture was heated under reflux for 3 h, 
after which the solution was diluted with water (30 mL) and extracted 
with diethyl ether (2 x 20 mL). The combined extract was washed with 
water (2 x 15 mL), brine (10 mL), dried over anhydrous magnesium 
sulfate, filtered, and evaporation in rotavapor to give a yellowish oil. 
Chromatography of this oil over silica gel by elution with ethyl acetate/ 
hexane (5:95) gave /^-phenyl-[ 14](3,5)pyrazolophane (3，n=14，R=Ph) 
(170 mg, 90%) as a pale-yellow oil: TLC [ethyl acetate/ hexane (5:95) 
Rf 0.4; IR(film) 2927, 2856, 1599, 1503, 1459, 1385, 1018，786，762, 
695 cm-1; IH NMR 5 1.19-1.35 (m, 20 H), 1.49-1.56 (m，2 H), 1.67-
1.75 (m, 2 H), 2.66-2.74 (m, 4 H), 6.04 (s, 1 H), 7.26-7.44 (m, 5 H); 
13C NMR 5 26.24, 27.27, 27.40, 27.77, 28.09，28.39, 29.42, 105.93, 
126.19, 128.08, 129.58, 140.93, 144.27，155.92; MS mh 338 (M+, 
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100); Anal. Calcd for C23H34N2： C, 81.60; H, 10.12; N, 8.27. Found: 
C, 82.09; H, 10.30; N，8.21. 
Cyclopentadecanone (exaltone)^^ (8) 
To a cold solution of 3-methoxycyclopentadec-2-enone (44) (131 
mg, 0.52 mmol) in THF (2 mL) was added lithium aluminum hydride 
(8 mg, 0.21 mmol). The reaction mixture was heated to reflux for 1 h. 
After cooling, water (5 mL) was added in one portion, and the resulting 
solution was poured into 10% dilute sulfuric acid (20 mL) and extracted 
with diethyl ether (3 x 30 mL). The combined extract was washed with 
0.1 M sodium bicarbonate solution (3 x 10 mL) and brine (10 mL)， 
dried over anhydrous magnesium sulfate, filtered，and concentrated by a 
rotavapor to give cyclopentadec-2-enone (6) as a colorless oil. The 
product was carried on to the next step without purification. 
A solution of the crude cyclopentadec-2-enone (6) obtained as 
described above (110 mg, 0.51 mmol) in ethyl acetate (10 mL) was 
hydrogenated over 5% palladium on charcoal (50 mg) under 
atmospheric pressure for 3 h. Removal of catalyst by filtration, 
evaporation of solvent by a rotavapor followed by chromatography 
over silica gel using ethyl acetate/ hexane (5:95) as eluant gave 
c y c l o p e n t a d e c a n o n e 2 4 (g) (109 mg, 95%) as a colorless solid: mp 62-
64°C (lit.24 mp 65-66°C); TLC [ethyl acetate/ hexane (5:95) Rf 0.5]; 
IR(fi lm) 3019，2932, 2859，1704, 1046，765，670 cm-1; ^H NMR 5 
1.19-1.29 (m, 24 H), 1.58-1.70 (m, 4 H), 2.41 (t, J = 6.6 Hz, 4 H); MS 
rn/z 224 (M++1，23). 
2,13-dithia[14]metacyclophane5 (21，n=12) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
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temperature was added dropwise a solution of 1,10-dibromodecane (9.0 
g, 0.03 mol) and 1,3-bis(mercaptomethyl)benzene (20) (5.1 g, 0.03 
mol) in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for an additional 3 
h and ammonium chloride (2 g) was added. After removal of solvent by 
a rotavapor, the residue was partitioned with water, extracted with 
dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (3:97) gave 2,13-dithia[ 14] metacy clophane^ (21，n=12) (5.1 g, 
55%) as a colorless solid: mp 30-32。C (lit.5 mp 30-32。C); TLC [ethyl 
acetate/ hexane (3:97)] Rf03; m NMR 5 1.19-1.33 (m，12 H), 1.50-
1.59 (m, 4 H), 2.39 (t，J = 7.3 Hz, 4 H), 3.67 (s, 4 H), 7.18 (d, J = 1.4 
Hz, 1 H), 7.15-7.26 (m, 3 H); 13c NMR 5 26.30, 26.95’ 27.30, 28.31, 
30.71, 36.37, 127.17, 128.19, 129.20, 138.98; MS m/z 308 (M+, 13). 
2,15-dithia[16]metacyclophane23 (21，n=14) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,12-dibromododecane 
(9.8 g, 0.03 mol) and 1,3-bis(mercaptomethyl)benzene (20) (5.1 g, 
0.03 mol) in benzene (200 mL) over a period of 24 h. Upon completion 
of addition, the reaction mixture was allowed to stirred for an 
additional 3 h and ammonium chloride (2 g) was added. After removal 
of solvent by a rotavapor, the residue was partitioned with water, 
extracted with dichloromethane (2 x 100 mL), and the combined extract 
was dried over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (3:97) gave 2,15-dithia[l6]metacyclophane23 (21，n=14) (4.0 g, 
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40%) as a colorless oil: TLC [ethyl acetate/ hexane (3:97)] Rf 0.3.’ IH 
NMR 5 1.28-1.36 (m，16 H), 1.49-1.57 (m, 4 H), 2.39 (m，4 H), 7.17-
7.25 (m，4 H); 13c NMR 5 26.86, 27.08, 27.40, 28.60, 30.95, 36.09， 
53.21, 127.05, 128.46, 138.55, 137.55. 
2,13-dithia-2,2,13,13-tetroxo[14]metacyclophane23 (22, n=12) 
To a solution of 2,13-clithia[ 14]metacyclophane (21，n=12) (12.3 
g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% aqueous 
hydrogen peroxide (100 mL). The reaction mixture was heated in an 
oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor to 
leave a white solid. Recrystallization of this material from acetone 
afforded pure 2,13-dithia-2,2,13,13-tetroxo[ 14]metacyclophane23 (22， 
n=12) (12.6 g, 85%) as colorless needles: mp 204-206°C (lit.23. mp 204-
206。C); IH NMR 5 1.14-1.17 (m, 4 H), 1.25-1.28 (m, 4 H), 1.34-1.42 
(m，4 H), 1.80-1.87 (m，4 H), 2.80 (t, J = 7.5 Hz, 4 H)’ 4.27 (s, 4 H), 
7.47 (br s，1 H), 7.52 (br s, 3 H); 13c NMR 5 20.07，25.49, 26.28, 
26.34, 49.86，60.49，129.91，130.87, 132.46; MS m/z 372 (M+, 18). 
2,15-dithia-2,2,15,15-tetroxo[16]metacyclophane23 (22，n=14) 
To a solution of 2,15-dithia[ 16] metacy clophane (21，n=14) (13.4 
g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% aqueous 
hydrogen peroxide (100 mL). The reaction mixture was heated in an 
oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor to 
leave a white solid. Recrystallization of this material from acetone 
afforded pure 2,15-dithia-2,2,15,15-tetroxo[ 16]metacyclophane23 (22， 
n=14) (14.4 g, 90%) as colorless crystals: mp 245-249°C (Ut23. mp 246-
250°C); IH NMR 8 1.26-1.49 (m, 16 H), 1.75-1.88 (m，4 H), 2.83-2.89 
(m, 4 H), 4.24 (s, 4 H), 7.41-7.46 (m，4 H); 13c NMR 5 21.02, 26.68， 
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27.06，27.18，51.09, 59.74，129.13，129.83, 131.22, 132.59; MS m/z 
(M+，100). 
[12]metacyclophane^ (24, n=12) 
To a vigorously stirred mixture of 2,13-dithia-2,2,13,13-
tetroxo[14]metacyclophane (22, n=12) (4.8 g, 13 mmol), alumina-
supported potassium hydroxide (180 g), and f-butanol (100 mL) in a 
250-mL round bottomed flask equipped with an addition funnel and a 
condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (10.9 g, 52 mmol) over 30 min. The reaction 
temperature was maintained at 25-35°C with an ice-bath throughout the 
course of addition. After completion of addition, the reaction mixture 
was filtered through a pad of celite, and washed with hexane (150 mL). 
The combined filtrate was washed with water (3 x 100 mL) and brine 
(50 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated by a rotavapor to give [12]metacyclophane-l,l 1-diene (23， 
n=12) (2.5 g, 85%) as a colorless oil which was used for subsequent 
transformation without further purification. Hydrogenation of the diene 
was carried out over 5% Pd/C under atmospheric pressure in ethyl 
acetate (30 mL) for 4 h. The catalyst was removed by filtration through 
a pad of celite which was thoroughly washed with hexane. The 
combined filtrate was dried over anhydrous magnesium sulfate, filtered 
and concentrated by a rotavapor. Chromatography of the resulting 
residue over sil ica gel using hexane as eluant afforded 
[12]metacyclophane5 (24，n=12) (2.5 g, 99%) as a colorless oil: TLC 
[hexane] Rf 0.5\ IH NMR 5 1.10-1.25 (m, 16 H), 1.50-1.69 (m, 4 H), 
2.62 (t, J = 6.0 Hz, 4 H), 6.97 (d, J = 7.6 Hz, 2 H), 7.01 (s, 1 H), 7.18 
(t, J = 7.6 Hz, 1 H); 13C NMR 5 18.77，26.45, 26.64，27.36, 27.47, 
45 
28.87, 29.77, 31.73，130.92, 132.23, 133.14, 137.41; MS m/z 244 (M+, 
15). 
[14]metacyclophane23 (24, n=14) 
To a vigorously stirred mixture of 2,15-dithia-2,2,15,15-
tetroxo[16]metacyclophane (22, n=14) (5.2 g, 13 mmol), alumina-
supported potassium hydroxide (180 g), and f-butanol (100 mL) in a 
250-mL round bottomed flask equipped with an addition funnel and a 
condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (10.9 g, 52 mmol), over 30 min. The reaction 
temperature was maintained at 25-35°C with an ice-bath throughout the 
course of addition. After completion of addition, the reaction mixture 
was filtered through a pad of celite, and washed with hexane (150 mL). 
The combined filtrate was washed with water (3 x 100 mL) and brine 
(50 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated by a rotavapor to give [ 14]metacyclophane-1,13-diene (23, 
n=14) (2.8 g, 90%) as a colorless oil which was used for subsequent 
transformation without further purification. Hydrogenation of the diene 
was carried out over 5% Pd/C under atmospheric pressure in ethyl 
acetate (30 mL) for 4 h. The catalyst was removed by filtration through 
a pad of celite which was thoroughly washed with hexane. The 
combined filtrate was dried over anhydrous magnesium sulfate, filtered 
and concentrated by a rotavapor. Chromatography of the resulting 
residue over silica gel using hexane as eluant afforded 
[ 1 4 ] m e t a c y c l o p h a n e 2 3 (24, n=14) (2.8 g, 99%) as a colorless oil: TLC 
[hexane] Rf 0.5; iR NMR 5 1.20-1.25 (m, 20 H), 1.54-1.65 (m, 4 H), 
2.60 (t, J = 6.5 Hz, 4 H), 6.94-6.97 (m, 3 H), 7.14-7.21 (m, 1 H); 13C 
NMR 8 26.68，27.25, 27.51, 28.01, 28.28, 30.80，35.57, 125.92, 
128.19，129.48, 142.28; MS m/z 272 (M+, 100). 
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2,4-Bis{chIoromethyl)anisole22 (30) 
To a solution of anisole (29) (9.9 g, 0.09 mol) in concentrated 
hydrochloric acid (200 mL) was added 40% aqueous formaldehyde 
(19.8 mL, 0.18 mol). Concentrated sulfuric acid (0.5 mL) was added to 
the reaction mixture which was heated at 70 °C for 10 h. Upon cooling 
to room temperature, the upper aqueous acid was decanted and the pale 
yellow viscous oil obtained was taken up in dichloromethane, washed 
with water and dried over anhydrous magnesium sulfate. Solvent 
removal by rotavaporation left a semi-solid which was recrystallized 
from hexane to give pure 2,4-bis(chloromethyl)anisole22 (30) (17.4 g, 
95%) as colorless needles: mp 63-65。C; IH NMR 5 3.89 (s，3 H)，4.56 
(s, 2 H) 4.64 (s, 2 H), 6.87 (d，J = 8.5 Hz, 1 H), 7.31-7.41 (m, 2 H); 13c 
NMR 5 41.05, 45.82, 55.77, 96.23, 111.04，129.93, 130.31, 130.93， 
157.45; MS m/z 204 (M+，12). 
2,4-Bis(mercaptomethyl)anisole (31) 
A mixture of 2,4-bis(chloromethyl)anisole (30) (40.0 g, 0.20 
mol) and thiourea (30.5 g, 0.40 mol) in 95 % ethanol (100 mL) was 
refluxed for 3 h. The resulting solution was cooled in an ice-bath and a 
solution of potassium hydroxide (35 g, excess) in water (150 mL) was 
added. The aqueous ethanol solution obtained was refluxed under 
nitrogen for 3 h, cooled and acidified with concentrated hydrochloric 
acid until the mixture was distinctly red to litmus paper. The resulting 
mixture was extracted with dichloromethane (3 X 100 mL) and the 
combined extract was washed with water and dried over anhydrous 
magnesium sulfate. Solvent removal by rotavaporation gave a crude 
yellowish oil which was distilled under reduced pressure (0.5 mmHg, 
150。C) to yield pure 2,4-bis(mercaptomethyl)anisole (31) (36.1 g, 
92%) as a colorless oil: IH NMR 5 1.73 (t, J = 7.5 Hz, 1 H), 1.93 (t, J = 
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8.0 Hz, 1 H), 3.64-3.70 (m，4 H), 3.8 (s, 3 H), 6.77 (d，J = 8.3 Hz, 1 H), 
7.12-7.20 (m，2 H); 13C NMR 5 23.57，28.18’ 55.45, 110.73，127.75, 
129.07，129.87, 133.15, 155.84; MS m/z 200 (M+，18). Anal. Calcd for 
C9H12S2O: C, 53.96; H, 6.04. Found: C, 53.97; H，6.05. 
14-Methoxy-2,ll-dithia[12]metacydophane (32, n=10) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,8-dibromooctane (8.1 
g, 0.03 mol) and 2,4-bis(mercaptomethyl)anisole (31) (6.0 g, 0.03 mol) 
in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for an additional 3 
h and ammonium chloride (2 g) was added. After removal of solvent by 
a rotavapor, the residue was partitioned with water, extracted with 
dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (1:99) gave 14-methoxy-2,11 -dithia[ 12]metacyclophane (32， 
n=10) (5.8 g, 62%) as a colorless solid: mp 65-67°C; TLC [ethyl 
acetate/ hexane (1:99)] Rf03; IR(film) 2998, 2834, 1518, 1447, 1250, 
1039，786，762 cm-1; i H NMR 5 1.15-1.20 (m, 4 H), 1.32-1.40 (m, 4 
H)，1.49-1.54 (m, 4 H), 2.34-2.49 (m, 4 H), 3.64 (s，2 H), 3.67 (s, 2 H), 
3.84 (s, 3 H), 6.83 (d, J =. 8.2 Hz, 1 H), 7.16-7.26 (m, 2 H); 13c NMR 5 
26.21, 26.33, 26.60, 26.70，28.02, 30.27, 30.87, 31.09, 35.72, 55.68, 
111.02，127.69, 128.40, 130.57，130.91, 156.37; MS m/z 310 (M+, 35); 
Anal. Calcd for C17H26S2O: C, 65.76; H, 8.44. Found: C, 65.52; H, 
8.57. 
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15-Methoxy-2,12-dithia[13]metacyclophane (32, n = l l ) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,9-dibromononane (8.6 
g，0.03 mol) and 2,4-bis(mercaptomethyl)anisole (31) (6.0 g, 0.03 mol) 
in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for additional 3 h 
and ammonium chloride (2 g) was added. After removal of solvent by a 
rotavapor, the residue was partitioned with water, extracted with 
dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (1:99) gave 15-methoxy-2,12-dithia[ 13]metacyclophane (32� 
n = l l ) (5.6 g, 58%) as a colorless oil: TLC [ethyl acetate/ hexane (1:99)] 
Rf 03•，IR(film) 2929, 2856, 1502, 1464, 1255, 1036，807，723 cm-1； 
IH NMR 5 1.24-1.43 (m，10 H), 1.54-1.67 (m，4 H), 2.43-2.54 (m, 4 
H); 3.69 (s, 2 H); 3.73 (s, 2 H), 3.87 (s，3 H), 6.86 (d’ J = 9.0 Hz, 1 H), 
7.21-7.30 (m, 2 H); MS m/z 324 (M+，47); Anal. Calcd for C18H28S2O: 
C, 66.62; H, 8.70. Found: C, 66.53; H, 8.62. 
16.Methoxy-2,13-dithia[14]metacyclophane5 (32’ n=12) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,10-dibromodecane (9.0 
g, 0.03 mol) and 2,4-bis(mercaptomethyl)anisole (31) (6.0 g, 0.03 mol) 
in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for additional 3 h 
and ammonium chloride (2 g) was added. After removal of solvent by a 
rotavapor, the residue was partitioned with water, extracted with 
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dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (1:99) gave 16-methoxy-2,13-dithia[ 14]metacyclophane5 (32， 
n=12) (5.7 g, 56%) as a colorless solid: mp 68-70�C (lit.5 mp 68-70�C); 
TLC [ethyl acetate/ hexane (1:99)] Rf 0.3; IR(film) 3008, 2929, 2836, 
1502, 1464，1442, 1256, 1036，793, 730 cm-l； IH NMR 5 1.30-1.38 (m, 
16 H), 1.55-1.64 (m, 4 H), 2.40-2.50 (m，4 H), 3.65 (s, 2 H), 3.69 (s, 2 
H), 3.84 (s, 3 H), 6.82 (d，J = 8.3 Hz, 1 H), 7.15 (dd J = 2.3, 8.3 Hz，1 
H), 7.21 (d, J = 2.3 Hz, 1 H); MS m/z (M+，32). 
17-Methoxy.2,14-dithia[15]metacyclophane (32，n=13) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,11 -dibromounidecane 
(9.4 g, 0.03 mol) and 2,4-bis(mercaptomethyl)aiiisole (31) (6.0 g, 0.03 
mol) in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for an additional 3 
h and ammonium chloride (2 g) was added. After removal of solvent by 
a rotavapor, the residue was partitioned with water, extracted with 
dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (1:99) gave 17-methoxy-2,14-dithia[ 15]metacyclophane (32， 
n=13) (5.5 g, 52%) as a colorless solid: mp 58-60°C; TLC [ethyl 
acetate/ hexane (1:99)] Rf 0.3; IR(film) 3000.8，2928, 2838, 1502, 
1464，1442, 1256, 1106，1036, 785, 761 cm-l; IR NMR 5 1.23-1.40 (m， 
14 H), 1.51-1.64 (m, 4 H), 2.39-2.47 (m, 4 H), 3.62 (s, 2 H), 3.64 (s, 2 
H), 3.81 (s, 3 H)，6.80 (d, J = 9.0 Hz, 1 H)，7.13-7.17 (m, 2 H); MS m/z 
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352 (M+，15); Anal. Calcd for C20H32S2O: C, 68.13; H，9.15. Found: C, 
67.86; H, 9.13. 
18-Methoxy-2,15-dithia[16]metacyclophane (32，n=14) 
To a vigorously stirred solution of 85% commercial potassium 
hydroxide pellets (2.0 g, 0.03 mol) in 95% ethanol (2.4 L) at room 
temperature was added dropwise a solution of 1,12-dibromododecane 
(9.8 g, 0.03 mol) and 2,4-bis(mercaptomethyl)aiiisole (31) (6.0 g, 0.03 
mol) in benzene (200 mL) over a period of 24 h. Upon completion of 
addition, the reaction mixture was allowed to stirred for an additional 3 
h and ammonium chloride (2 g) was added. After removal of solvent by 
a rotavapor，the residue was partitioned with water, extracted with 
dichloromethane (2 x 100 mL), and the combined extract was dried 
over anhydrous magnesium sulfate, filtered and concentrated. 
Chromatography of the residue on silica gel eluted with ethyl acetate/ 
hexane (1:99) gave 18-methoxy-2,15-dithia[ 16]metacyclophane (32， 
n=14) (4.4 g, 40%) as a colorless solid: mp 72-73�C; TLC [ethyl 
acetate/ hexane (1:99)] Rf 0,3; IR(film) 2928，2856, 1503，1257，1039, 
807，765 cm-1; IH NMR 5 1.27-1.43(m, 16 H), 1.57-1.66 (m, 4 H), 
2.36-2.50 (m, 4 H)', 3.65 (s, 2 H), 3.70 (s, 2 H), 3.85 (s, 3 H), 6.83 (d, J 
= 8 . 4 Hz, 1 H), 7.12 (d, J = 2.3 Hz, 1 H), 7.21 (dd, J = 2.3，8.4 Hz, 1 
H); MS m/z 366 (M+, 4.2); Anal. Calcd for C21H34S2O: C, 68.80; H, 
9.35. Found: C, 68.62; H, 9.31. 
1 4 - M e t h o x y - 2 , l l - d i t h i a - 2 , 2 , l l , l l - t e t r o x o [ 1 2 ] . 
metacyclophane (33, n=10) 
To a solution of 14-methoxy-2,11 -dithia[ 12]metacyclophane (32， 
n=10) (12.4 g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% 
aqueous hydrogen peroxide (100 mL). The reaction mixture was heated 
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in an oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor 
to leave a colorless solid. Recrystallization of this material from acetone 
a f f o r d e d p u r e 1 4 - m e t h o x y - 2 , 1 1 - d i t h i a - 2 , 2 , 1 1 , 1 1 -
tetroxo[12]metacyclophane (33，n=10) (11.9 g, 80%) as colorless 
needles: mp 232-233°C; IR(film) 3020，2931, 2860，1505, 1314，1118， 
778，669 cm-1; IH NMR 5 1.10-1.75 (m, 14 H), 2.72-2.77 (m, 4 H), 
3.90 (s, 3 H), 4.20 (s, 2 H), 4.34 (s, 2 H)，7.01 (d, J = 8.6 Hz, 1 H), 7.47 
(d, J = 2.2 Hz, 1 H), 7.60 (dd，J = 2.3 Hz, 8.6 Hz, 1 H); MS m/z 246 
(M+, 84). Anal. Calcd for C17H26S2O5： C, 54.52; H, 7.00. Found: C, 
54.53; H, 7.07. 
15-Methoxy-2，12-dithia-2，2，12，12-tetroxo[13]_ 
metacyclophane (33，n=ll) 
To a solution of 15-methoxy-2,12-dithia[13]metacyclophane (32, 
n = l l ) (13.0 g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% 
aqueous hydrogen peroxide (100 mL). The reaction mixture was heated 
in an oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor 
to leave a colorless solid. Recrystallization of this material from acetone 
a f f o r d e d p u r e 1 5 - m e t h o x y - 2 , 1 2 - d i t h i a - 2 , 2 , 1 2 , 1 2 -
tetroxo[13]metacyclophane (33，n=ll) (12.4 g, 80%) as colorless 
crystals: mp 239-240°C; IR(film) 3022, 2923, 2860, 1506, 1314，1307， 
1258, 1115, 1033 cm-1; IH NMR 5 1.13-1.17 (m，10 H), 1.37-1.42 (m， 
4 H), 1.60-1.87 (m, 4 H), 2.76-2.89 (m, 4 H), 3.93 (s，3 H), 4.24 (s, 2 
H), 4.36 (s, 2 H), 7.04 (d, J = 8.4 Hz, 1 H), 7.54 (dd, J = 8.4’ 2.3 Hz, 1 
H)，7.60 (d, J = 2.3 Hz, 1 H); MS tn/z 389 (M++1’ 1.4), 260 (M+-128, 





To a solution of 16-methoxy-2,13-dithia[ 14]metacyclophane (32， 
n=12) (13.5 g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% 
aqueous hydrogen peroxide (100 mL). The reaction mixture was heated 
in an oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor 
to leave a colorless solid. Recrystallization of this material from acetone 
a f f o r d e d p u r e 1 6 - m e t h o x y - 2 , 1 3 - d i t h i a - 2 , 2 , 1 3 ,1 3-
tetroxo[ 14]metacyclophane (33，n=12) (13.6 g, 85%) as colorless 
needles: mp 248-250°C; IR(film) 3020, 2913, 2839, 1501, 1314，1117， 
755, 669 c m ] ; IR NMR 5 1.10-1.43 (m, 12 H), 1.69-1.93 (m, 4 H), 
2.72-2.84 (m, 4 H), 3.89 (s, 3 H)，4.20 (s, 2 H), 4.31 (s, 2 H), 7.01 (d，J 
= 8 . 6 Hz, 1 H), 7.38 (d, J = 2.3 Hz, 1 H), 7.55 (dd, J = 2.3, 8.6 Hz, 1 
H); MS m/z 403 (M+, 13)，274 (M+-128, 100); Anal. Calcd for 
C19H30S2O5： C, 56.69; H, 7.51. Found: C, 56.51; H, 7.48. 
17-Methoxy-2，14-dithia-2，2，14，14-tetroxo[15]-
metacyclophane (33, n=13) 
To a solution of 17-methoxy-2,14-(iithia[15]metacyclophane (32, 
n=13) (14.0 g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% 
aqueous hydrogen peroxide (100 mL). The reaction mixture was heated 
in an oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor 
to leave a colorless solid. Recrystallization of this material from acetone 
a f f o r d e d p u r e 17-methoxy-2，14-dithia-2，2，14，14-
tetroxo[ 15]metacyclophane (33，n=13) (14.4 g, 87%) as colorless 
crystals: mp 255-258°C; IR(film) 3019, 2932, 2853, 1501, 1317，1121, 
770，669 cm-1; IR NMR 5 1.22-1.44 (m, 14 H), 1.66-1.77 (m, 4 H), 
2.77-2.85 (m, 4 H), 3.88 (s, 3 H)，4.15 (s, 2 H)，4.29 (s，2 H), 6.97 (d, J 
= 8 . 6 Hz, IH ), 7.39 (d, J = 2.1 Hz, 1 H), 7.46 (dd, J = 8.6，2.1 Hz, 1 
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H); MS m/z 288 (M+-128, 100); Anal. Calcd for C20H32S2O5： C，57.66; 
H，7.74. Found: C, 57.30; H，7.65. 
18-Methoxy-2,15-(l ithia-2,2,15,15-tetroxo[16]-
metacyclophane (33，n=14) 
To a solution of 18-methoxy-2,15-ciithia[ 16]metacyclophane (32， 
n=14) (14.6 g, 0.04 mol) in glacial acetic acid (100 mL) was added 30% 
aqueous hydrogen peroxide (100 mL). The reaction mixture was heated 
in an oil-bath at 100°C for 4 h. Acetic acid was removed by a rotavapor 
to leave a colorless solid. Recrystallization of this material from acetone 
a f f o r d e d p u r e 1 8 - m e t h o x y - 2 , 1 5 - d i t h i a - 2 , 2 , 1 5 , 1 5 -
tetroxo[ 16]metacyclophane (33，n=14) (15.4 g, 90%) as colorless 
crystals: mp 266-270°C; IR(film) 3020, 2932, 2853, 1315, 1116, 771， 
669 cm-1; IH NMR 5 1.23-1.40 (m, 16 H), 1.71-1.81 (m, 4 H), 2.75-
2.87 (m, 4 H)，3.88 (s，3 H), 4.12 (s, 2 H), 4.29 (s, 2 H), 6.98 (d, J = 8.6 
Hz, 1 H), 7.35 (d, J = 2.3 Hz, 1 H), 7.49 (dd，J = 2.3, 8.6 Hz, 1 H); MS 
m/z 302 (M+-128, 100); Anal. Calcd for C21H34S2O5： C, 58.57; H， 
7.96. Found: C, 58.46; H, 7.93. 
12-Methoxy[10]metacyclophane (35，n=10) 
To a vigorously stirred mixture of 14-methoxy-2,l 1-dithia-
2,2,11,11 -tetroxo [ 12] metacy clophane (33，n=10) (5.0 g, 13 mmol), 
alumina-supported potassium hydroxide (180 g), and r-butanol (100 
mL) in a 250-mL round bottomed flask equipped with an addition 
funnel and a condenser circulated by ice-cold water, was added 
dropwise dibromodifluoromethane (10.9 g, 52 mmol), over 30 min. 
The reaction temperature was maintained at 25-35°C with an ice-bath 
throughout the course of addition. After completion of addition, the 
reaction mixture was filtered through a pad of celite, and washed with 
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hexane (150 mL). The combined filtrate was washed with water (3 x 
100 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
f i l te red , and concent ra ted by a ro tavapor to give 12-
methoxy[10]metacyclophane-l,9-diene (34，n=10) (1.1 g, 34%) as a 
colorless oil which was used for subsequent transformation without 
further purification. Hydrogenation of the diene was carried out over 
5% Pd/C under atmospheric pressure in ethyl acetate (30 mL) for 4 h. 
The catalyst was removed by filtration through a pad of celite which 
was thoroughly washed with hexane. The combined filtrate was dried 
over anhydrous magnesium sulfate, filtered and concentrated by a 
rotavapor. Chromatography of the resulting residue over silica gel 
using hexane as eluant afforded 12-methoxy[ 10]metacyclophane (35, 
n=10) (0.99 g, 99%) as a colorless solid: mp 44-46°C; TLC [hexane] Rf 
0.5; IR(film) 2929，2857, 1501, 1250, 1039，794, 760 cm-l； IR NMR 5 
0.98-1.06 (m, 4 H), 1.14-1.23 (m，8 H), 1.66-1.73 (m, 4 H), 2.61-2.71 
(m, 4 H), 3.82 (s, 3 H), 6.77 (d，J = 8.2 Hz, 1 H), 6.89 (dd, J = 8.2，2.1 
Hz, 1 H), 7.07 (d, J = 2.1 Hz, 1 H); 13c NMR 5 25.34, 25.62，26.05, 
26.15, 26.54, 26.97，28.39, 30.25, 32.25, 55.05, 110.67, 126.74, 
129.85, 131.91，133.87, 156.01; MS m/z 246 (M+, 100). Anal. Calcd 
for C17H26O: C, 82.87; H, 10.64. Found: C, 83.09; H, 10.72. 
13-Methoxy[l l ]metacyclophane (35，n=l 1) 
To a vigorously stirred mixture of 15-methoxy-2,12-dithia-
2,2,12,12-tetroxo[ 13]metacyclophane (33，n=ll) (5.0 g, 13 mmol), 
alumina-supported potassium hydroxide (180 g), and f-butanol (100 
mL) in a 250-mL round bottomed flask equipped with an addition 
funnel and a condenser circulated by ice-cold water, was added 
dropwise dibromodifluoromethane (10.9 g, 52 mmol), over 30 min. 
The reaction temperature was maintained at 25-35�C with an ice-bath 
55 
throughout the course of addition. After completion of addition, the 
reaction mixture was filtered through a pad of celite, and washed with 
hexane (150 mL). The combined filtrate was washed with water (3 x 
100 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
f i l t e r e d， a n d concent ra ted by a ro tavapor to give 13-
methoxy[ll]metacyclophane-l，10-diene (34，n=ll) (2.7 g, 80%) as a 
colorless oil which was used for subsequent transformation without 
further purification. Hydrogenation of the diene was carried out over 
5% Pd/C under atmospheric pressure in ethyl acetate (30 mL) for 4 h. 
The catalyst was removed by filtration through a pad of celite which 
was thoroughly washed with hexane. The combined filtrate was dried 
over anhydrous magnesium sulfate, filtered and concentrated by a 
rotavapor. Chromatography of the resulting residue over silica gel 
using hexane as eluant afforded 13-methoxy[l l]metacyclophane (35， 
n = l l ) (2.6 g, 99%) as a colorless solid: mp 53-54°C; TLC [hexane] Rf 
0.5; IR(film) 3015, 2931, 2858, 1500, 1248，1038, 765 cm-1; IR NMR 
5 0.95-1.30 (m, 14 H), 1.56-1.70 (m，4 H), 2.58-2.71 (m, 2 H), 3.77 (s, 
3 H), 6.74 (d, J = 8.1 Hz, 1 H), 6.91 (dd, J = 2.2, 8.1 Hz, 1 H), 7.04 (d， 
7 = 2 . 1 Hz, 1 H); 13C NMR 5 25.07, 25.29, 25.52, 27.06, 27.35，27.40， 
27.63, 28.16, 28.94, 34.23, 55.94, 110.83’ 127.9, 129.6，130.5, 134.0, 
156.6; MS m/z 260 (M+, 100). Anal. Calcd for C18H28O: C, 83.02; H, 
10.84. Found: C, 82.91; H, 10.87. 
14-Methoxy[12]metacyclophane (35, n=12) 
To a vigorously stirred mixture of 16-methoxy-2,13-dithia-
2,2,13,13-tetroxo[ 14]metacyclophane (33，n=12) (5.2 g, 13 mmol), 
alumina-supported potassium hydroxide (180 g), and f-butanol (100 
mL) in a 250-mL round bottomed flask equipped with an addition 
funnel and a condenser circulated by ice-cold water, was added 
56 
dropwise dibromodifluoromethane (10.9 g，52 mmol), over 30 min. 
The reaction temperature was maintained at 25-35°C with an ice-bath 
throughout the course of addition. After completion of addition, the 
reaction mixture was filtered through a pad of celite, and washed with 
hexane (150 mL). The combined filtrate was washed with water (3 x 
100 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
f i l tered， and concentra ted by a ro tavapor to give 14-
methoxy [ 12] metacy clophane-1,11 -diene (34, n=12) (3.0 g, 85%) as a 
colorless oil which was used for subsequent transformation without 
further purification. Hydrogenation of the diene was carried out over 
5% Pd/C under atmospheric pressure in ethyl acetate (30 mL) for 4 h. 
The catalyst was removed by filtration through a pad of celite which 
was thoroughly washed with hexane. The combined filtrate was dried 
over anhydrous magnesium sulfate, filtered and concentrated by a 
rotavapor. Chromatography of the resulting residue over silica gel 
using hexane as eluant afforded 14-methoxy [ 120] metacy clophane (35， 
n=12) (2.9 g, 99%) as a colorless solid: mp 56-58�C; TLC [hexane] Rf 
0.5; IR(film) 3018，2931, 2857, 1499，1249, 1039，786，737 cm-1; iR 
NMR 8 1.14-1.28 (m, 16 H), 1.59-1.66 (m, 4 H), 2.54-2.65 (m，4 H), 
3.79 (s, 3 H), 6.73 (d, J = 7.9 Hz, 1 H)，6.89-6.93 (m’ 2 H); 13C NMR 5 
25.87, 26.10, 26.44，27.09，27.34，27.57, 28.42, 29.27，30.22, 34.15, 
55.44, 110.51，127.05, 130.20，131.02, 133.82, 155.86; MS m/z 274 
(M+, 100). Anal. Calcd for C19H30O: C, 83.15; H，11.02. Found: C, 
82.97; H, 11.38. 
15-Methoxy[13]metacyclophane (35, n=13) 
To a vigorously stirred mixture of 17-methoxy-2,14-dithia-
2,2,14,14-tetroxo [ 15] metacy clophane (33，n=13) (5.4 g, 13 mmol), 
alumina-supported potassium hydroxide (180 g)，and r-butanol (100 
57 
mL) in a 250-mL round bottomed flask equipped with an addition 
funnel and a condenser circulated by ice-cold water, was added 
dropwise dibromodifluoromethane (10.9 g, 52 mmol), over 30 min. 
The reaction temperature was maintained at 25-35°C with an ice-bath 
throughout the course of addition. After completion of addition, the 
reaction mixture was filtered through a pad of celite, and washed with 
hexane (150 mL). The combined filtrate was washed with water (3 x 
100 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
f i l tered, and concentra ted by a rotavapor to give 15-
methoxy [ 13] metacy clophane-1,12-diene (34, n=13) (3.6 g, 85%) as a 
colorless oil which was used for subsequent transformation without 
further purification. Hydrogenation of the diene was carried out over 
5% Pd/C under atmospheric pressure in ethyl acetate (30 mL) for 4 h. 
The catalyst was removed by filtration through a pad of celite which 
was thoroughly washed with hexane. The combined filtrate was dried 
over anhydrous magnesium sulfate, filtered and concentrated by a 
rotavapor. Chromatography of the resulting residue over silica gel 
using hexane as eluant afforded 15-methoxy[13]metacyclophane (35， 
n=13) (3.6 g，99%) as a colorless oil: TLC [hexane] Rf 0.5; IR(film) 
3015, 2939，2856, 1500, 1462, 1249, 1216, 1036’ 759，668，cm-l; IH 
NMR 5 1.25-1.33 (m，18 H)，1.62-1.70 (m，4 H), 2.58-2.71 (m，4 H), 
3.82 (s, 3 H)，6.80 (d, J = 8.9 Hz, 1 H), 6.99-7.00 (m，2 H); 13C NMR 5 
26.52, 26.88, 27.32, 27.54, 28.33, 29.66, 30.31, 33.86’ 55.44, 110.44, 
126.61, 130.11，130.53, 133.88，155.79; MS m/z 288 (M+, 100); Anal. 
Calcd for C20H32O: C, 83.27; H, 11.18. Found: C，83.08; H, 11.25. 
16-Methoxy[14]metacyclophane (35，n=14) 
To a vigorously stirred mixture of 18-methoxy-2,15-dithia-
2,2,15,15-tetroxo[ 16]metacyclophane (33，n=14) (5.0 g, 13 mmol), 
< 
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alumina-supported potassium hydroxide (180 g)，and r-butanol (100 
mL) in a 250-mL round bottomed flask equipped with an addition 
funnel and a condenser circulated by ice-cold water, was added 
dropwise dibromodifluoromethane (10.9 g, 52 mmol), over 30 min. 
The reaction temperature was maintained at 25-35°C with an ice-bath 
throughout the course of addition. After completion of addition, the 
reaction mixture was filtered through a pad of celite, and washed with 
hexane (150 mL). The combined filtrate was washed with water (3 x 
100 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
f i l t e red , and concent ra ted by a ro tavapor to give 16-
methoxy[14]metacyclophane-1,13-diene (34，n=14) (3.2 g, 93%) as a 
colorless oil which was used for subsequent transformation without 
further purification. Hydrogenation of the diene was carried out over 
5% Pd/C under atmospheric pressure in ethyl acetate (30 mL) for 4 h. 
The catalyst was removed by filtration through a pad of celite which 
was thoroughly washed with hexane. The combined filtrate was dried 
over anhydrous magnesium sulfate, filtered and concentrated by a 
rotavapor. Chromatography of the resulting residue over silica gel 
using hexane as eluant afforded 16-methoxy[ 14]metacyclophane (35, 
n=14) (3.2 g, 99%) as a colorless oil: TLC [hexane] Rf 0.5; IR(film) 
3015，2926, 2855, 1500, 1462, 1250, 1039，758, 751 cm-l; IH NMR 5 
1.01-1.41 (m, 20 H), 1.54-1.62 (m，4 H), 2.51-2.64 (m, 2 H), 3.79 (s, 3 
H); 6.75 (d, J = 8.0 Hz, 1 H), 6.92-6.96 (m, 2 H); 13c NMR 5 26.60, 
27.33, 27.44, 27.69，27.98，28.13, 28.28, 28.39, 28.83, 29.88, 31.13， 
34.76，55.45, 110.43，126.55, 130.31，131.01, 134.14, 155.66; MS m/z 
302 (M+，100); Anal Calcd for C21H34O: C, 83.38; H, 11,33. Found: C, 
83.09; H, 11.31. 
59 
3-Methoxycyclopentadec-2-enone5 (44) 
A mixture of cyclopentadecane-1,3-ciione (1，n=12) (130 mg, 
0.55 mmol), potassium carbonate (75 mg, 0.75 mmol) in 
hexamethylphosphorictriamide (5 mL) and methyl tosylate (110 mg, 
0.60 mmol) was stirred and heated at 90°C for 3 h. The reaction 
mixture was partitioned with water (5 mL) and extracted with diethyl 
ether (3 x 20 mL). The combined extract was washed with water (3 x 
10 mL) and brine (10 mL), dried over anhydrous magnesium sulfate, 
filtered and concentrated to give a pale-yellow oil. Chromatography of 
this oil over silica gel by elution with ethyl acetate/ hexane (1:9) gave 3-
methoxycyclopentadec-2-enone5 (44) (131 mg, 95%) as a colorless oil: 
TLC [ethyl acetate/ hexane (1:9) RfOA]- IH NMR 5 1.15-1.35 (m, 16 
H), 1.52-1.57 (m, 2 H), 1.63-1.68 (m，2 H), 2.37-2.42 (m, 2 H^ 2.87 (t, 
J = 6.6 Hz, 2 H), 3.65，（s, 3 H), 5.84 (s, 1 H); 13c NMR 5 24.83, 25.98, 
26.31，26.53，26.87，27.13，30.93，44.14，55.09，99.56，176.08，199.91; 
MS m/z 252 (M+, 12). 
60 
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